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THERAPEUTIC COMBINATION CONTAINING INTERFERON 

The present invention relates to a therapeutic combination, more particularly a 
combination therapy involving the use of human interferon. 

The first and localised response of an animal to a virus infection is to produce the 
lymphokine interferon. Originally thought to be a single molecule, interferons are now 
recognised as a large family of proteins, old in evolutionary terms, and widely 
distributed in the animal kingdom. Although there may be some limited cross- 
reactivity, interferons are generally species specific. Three types of interferon have 
been characterised originally known as leukocyte, fibroblast and immune interferon 
and now designated interferons a, p and y respectively. 

Human interferon-a can be produced by many different cell types and HPLC has 
resolved this type of interferon into over 30 subtypes each coded by a different gene. 
Human interferon-p is generally considered to be a single substance and is made by 
fibroblasts. Human interferon-y is also a single substance made by helper-induced 
subsets of T-lymphocytes on exposure to antigen or by exposing human white blood 
cells, T-lymphocytes, or T-lymphoblastoid cells to mitogens. 

Human interferon-a is manufactured in commercial amounts by stimulating the 
Namalwa human lymphoblastoid cell line with Sendai virus to produce a natural 
mixture of at least 21 subtypes of interferon-a which are then purified by 
chromatography to a purity of 95% and a specific activity of about 100 x 10 6 IU/mg 
protein. Such a product, identified as human interferon a-Nl, is commercially 
available under the name WELLFERON (Registered Trade Mark of The Wellcome 
Foundation Limited). Natural human interferon-p is derived from human diploid 
fibroblasts, usually from neonatal tissue, production being induced for example by 
adding synthetic double stranded RNA. Human interferon-y may be made from bufiy 
coats, with a mitogen such as Staphylococcus enterotoxin A as inducer. 

Human interferons-a, -P and -y can also be produced using recombinant DNA 
technology although when produced by expression of the relevant gene in bacterial 
cells, recombinant interferons may not have the same tertiary structure as the natural 
molecules. Similarly, interferons produced in bacterial cells will not be glycosylated 
and although this does not appear to affect the biological activity of the molecule when 
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tested in vitro, it could alter conformation and antigenicity and may influence 
distribution in the body. Such a recombinant human interferon preferably possesses 
greater than 90% amino-acid homology with a natural human interferon; more 
preferably 95% homology, yet more preferably 97% homology, yet more preferably 
98% homology, yet more preferably 99% homology and most preferably 100% 
homology. Recombinant human interferons are available commercially and examples 
are interferon cx-2a (ROFERON - Roche) and interferon y-2a (INTRON -Schering). 
These molecules differ by a single amino acid residue at position 23 (lysine in 
ROFERON and arginine in INTRON). 

Human interferons have been used for some years in the treatment of hepatitis. The 
first trials in the mid 1970s used human leukocyte interferon produced from buffy coat 
cells left over after the production of plasma from donated blood and this necessarily 
limited the quantity available. In the early 1980s advances in production techniques 
led to the use of both natural and recombinant human interferon-a or the treatment of 
chronic hepatitis B. Whilst this treatment can be regarded as successful in many cases, 
response rates to treatment with human cc-interferons alone, as judged by sustained 
loss of viral markers, are generally considered to be less than 50%. Human interferons- 
P and -5 have also been investigated for use in chronic hepatitis B but have not 
become established treatments. 

All three types of human interferon have also been investigated in the therapy of 
chronic hepatitis C although low availability of interferon-p has limited work with this 
type of interferon. Quite extensive trials have been carried out using the cc-interferons 
referred to above (Interferon a -2a, interferon a-2b and lymphoblastoid interferon) and 
results have been encouraging in that complete response occurs in about 40% of 
patients. However, relapse rates of about 50% have been observed 6 months after 
treatment so that only 20 to 25% of patients may benefit in the long term. 

For a complete review of the use of interferons in the treatment of hepatitis, reference 
can be made to the book "Interferons in the Treatment of Chronic Virus Infection of 
the Liver" by Eddleston and Dixon, Pennine Press, 1990. 

In addition, interferons have been proposed for use in the therapy of a number of other 
conditions including viral diseases other than hepatitis, disorders involving the 
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immune system, including autoimmune conditions, and cancers of various sorts 
including renal cancer, breast cancer, colon cancer, Kaposi's Sarcoma, glioma and 
malignant haematological conditions. 

There is some evidence, particularly in the context of HIV, to suggest that chronic 
viral infections may cause oxidative stress in the infected organism. Induction of 
oxidative stress by viruses may be due to a variety of mechanisms including activation 
of phagocytic cells by immunocomplexes, promotion of free radical formation by pro- 
inflammatory cytokines (TNFa, IL6) and generation of reactive oxygen species by 
direct interaction between viral surface glycoproteins and cell membranes. 

A number of substances are known which act as free radical scavengers at the level of 
the cell or the whole organism. For example reduced glutathione is a widely 
distributed non-protein thiol present in most mammalian cells which has been 
implicated in a variety of metabolic functions including detoxification reactions 
against free radicals. Glutathione is the main intracellular defence mechanism against 
oxidative stress and factors that increase free radical formation lead to consumption of 
intracellular glutathione stores. Glutathione also plays an important 
immunoregulatory role in modulating lymphocyte activation and proliferation, T-cell 
cytotoxicity and macrophage-lymphocyte interactions. 

N-acetyl cysteine has been known for many years as a mucolytic, a corneal vulnary 
and as an antidote to acetaminophen poisoning. The compound has a relatively mild 
reducing effect and is thought to act as a mucolytic by splitting disulphide bonds in 
mucoproteins. There have been a number of reports that reduced glutathione levels 
may be lowered in some chronic viral conditions, in particular HIV infections. N- 
acetyl cysteine is a precursor and thus an inducer of glutathione and N-acetyl cysteine 
has been proposed as a therapeutic agent for use in the case of HIV infection. 

EP-A-0 269 017 (Cetus) relates to the combination of a lymphokine or cytotoxin and a 
free radical scavenger or metabolic inhibitor for the treatment of biological damage to 
mammalian hosts caused by free radical production. Although the specification refers 
in passing to interferons as the lymphokine and also mentions infections as a possible 
cause of biological damage, the specification is essentially concerned with free 
radicals which may be generated during the treatment of cancer. The biological data 
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given in the specification relate entirely to cancer and are concerned mainly with the 
administration of TNFa in murine fibrosarcoma. 

The present invention relates to the use of a free radical scavenger or a precursor or 
inducer thereof as an adjunct to therapy with a human interferon. 

Thus according to one aspect, the present invention provides a method for the 
treatment of a patient suffering from a condition susceptible to therapy with an 
interferon which comprises administration to the patient of an effective amount of a 
human interferon, and wherein a free radical scavenger or a precursor or inducer 
thereof is also administered for all or part of the duration of the administration of the 
human interferon. 

According to another aspect, the invention provides the use of a human interferon for 
the manufacture of a medicament for use in the treatment of a condition susceptible to 
therapy with an interferon by a method wherein a free radical scavenger or a precursor 
or inducer thereof is also administered for all or part of the duration of the 
administration of the human interferon. 

According to a still further aspect, the invention provides the use of a free radical 
scavenger or a precursor or inducer thereof for the manufacture of a medicament for 
the treatment of a condition susceptible to therapy with an interferon by a method 
involving administration of a human interferon and wherein the free radical scavenger 
or a precursor or inducer thereof is also administered for all or part of the duration of 
the administration of the human interferon. 

The condition susceptible to therapy with an interferon may be any of the conditions 
for which human interferons have become established or have been proposed as 
effective treatments. Such conditions include viral infections, such as viral hepatitis, 
infections caused by human papilloma virus, cytomegalovirus and HIV, non-viral 
infections such as tuberculosis, and conditions such as asthma. 

The present invention is particularly applicable to the use of human interferons in the 
therapy of hepatitis. As already indicated, although such therapy is of considerable 
benefit in many cases, the response rate is relatively low and in the case of hepatitis C 
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there is a substantial rate of relapse. Accordingly, there is a considerable need for 
improvements in the therapy of hepatitis with human interferon to overcome these 
problems. 

Example of human interferon of use with the present invention include those 
mentioned hereinbefore. 

According to another aspect, the present invention provides a method for the treatment 
of a viral hepatitis infection by administration of a human interferon, wherein a free 
radical scavenger or a precursor or inducer thereof is also administered for all or part 
of the duration of the administration of the human interferon. 

According to a further aspect the invention provides the use of a human interferon for 
the manufacture of a medicament for the treatment of a viral hepatitis infection by a 
method wherein a free radical scavenger or a precursor or inducer thereof is also 
administered for all or part of the duration of the administration of the human 
interferon. 

According to a still further aspect, the invention provides the use of a free radical 
scavenger or a precursor or inducer thereof for the manufacture of a medicament for 
the treatment of a viral hepatitis infection by a method involving administration of a 
human interferon and wherein the free radical scavenger or a precursor or inducer 
thereof is also administered for all or part of the duration of the administration of the 
human interferon. 

According to a further aspect, the invention provides potentiated combinations also 
known as synergistic combinations, of a human interferon and a free radical scavenger 
or precursor or inducer thereof for use in the treatment of a condition susceptible to 
therapy with an interferon. The active ingredients of potentiated combinations of the 
invention may be administered concurrently or sequentially as separate formulations or 
as a single combined formulation. If there is sequential administration, the delay in 
administering the second of the active ingredients should not be such as to lose the 
benefit of a potentiated therapeutic effect of the combination of the active ingredients. 
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The present invention is applicable to the treatment of viral hepatitis in all of its forms, 
five types now being recognised designated hepatitis A, B, C, D, and E respectively. 

Hepatitis A is an acute viral infection with an incubation period of under 40 days 
transmitted by the faecal-oral route. The virus is a member of the picomavirus family 
and consists of a 27nm spherical, non-enveloped particle. The viral genome has been 
sequenced and comprises a single strand of RNA containing ca. 7480 bases. 

Hepatitis B is a universal and serious virus disease with an estimated over 200 million 
carriers world wide. When it was known as serum hepatitis, the disease was diagnosed 
on the basis of the appearance of symptoms 2 to 3 months after blood transfusion, the 
injection of human plasma fractions or the use of unsterilised needles of syringes. The 
recognition of serum markers for hepatitis B has confirmed the importance of skin 
penetration and in particular blood in the transmission of the virus. Following the 
acute phase of the disease, the majority of adult patients recover spontaneously within 
a matter of weeks but a proportion do not clear the virus after many months and 
become chronic carriers. Hepatitis B virus belongs to the hepadna virus family whose 
genome consists of a small, incompletely double-stranded circular piece of DNA that 
replicates by copying its DNA into RNA and then re-copying the RNA to DNA using 
reverse transcriptase. 



Non-A, non-B hepatitis is being recognised as an increasingly serious international 
health problem. At least 80% of cases of chronic post-transfusional non-A, non-B 
hepatitis have been shown to be due to the virus now identified as hepatitis C and this 
virus probably accounts for virtually all cases of post-transfusional hepatitis in clinical 
settings where blood products are screened for hepatitis B. Whereas approximately 
half of the cases of acute hepatitis C infection resolve spontaneously over a period of 
months, the remainder become chronic and in many if not all such cases chronic active 
hepatitis ensues with the potential for cirrhosis and hepatocellular carcinoma. The 
structure of the hepatitis C virus genome has recently been elucidated and the virus has 
been characterised as a single stranded RNA virus with similarities to flaviviruses. 

Hepatitis D virus was first recognised in 1977 following identification of a novel 
antigen in certain carriers of hepatitis B. The virus requires hepatitis B (or a closely 
related hepadna virus) as a helper virus to replicate although replication is sufficiently 
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efficient that it can attain a higher titre than the helper virus in the serum. The 
hepatitis D genome consists of covalently closed circular RNA and has some structural 
similarity to certain circular viroids or virus-like agents found in plants. Hepatitis D 
infection is associated with aggressive liver disease and is more often found in patients 
with severe disease (chronic active hepatitis or cirrhosis) than in those with chronic 
persistent hepatitis. 

Hepatitis E virus is related to the virus which causes Hepatitis A (Reyes et al., Science 
247, 1335-1339 (1990)) and produces an acute form of hepatitis with no chronic 
phase. The virus is enteric, water borne and normally transferred by the faecal/oral 
route. It is particularly prevalent in the Indian sub-continent and produces a high 
mortality rate in pregnant women. 

The present invention is also applicable to the treatment of human papilloma virus 
which is the agent responsible for non-genital warts, juvenile laryngeal papilloma, 
condyloma accuminata and which is involved in cervical cancer. The invention is also 
applicable to the treatment of other viral infections such as three caused by human 
cytomagalovirus and HIV. The invention is also applicable to the treatment of non- 
viral infections such as tuberculosis and conditions such as asthma. 

The human interferon for use according to the invention may be any of the three types 
referred to above, i.e. interferon-a, interferon-p or interferon-y. Generally the human 
interferon will be interferon-a or interferon-y Preferably the human interferon is 
human interferon-a, more preferably human interferon-a derived from a human cell 
line in culture or a recombinant human interferon-a. According to one preferred 
embodiment, the human interferon is recombinant interferon a-2a or interferon a-2b, 
for example one of the products marketed under the trade names ROFERON and 
rNTRON. According to another particularly preferred embodiment, the human 
interferon is human lymphoblastoid interferon (interferon aNl), for example the 
product marketed by The Wellcome Foundation Ltd. under the trade name 
WELLFERON. 

The term 'human interferon' is intended to include any wild-type interferon, the 
sequence of which was determined from a human, and any allele, variant or mutant 
thereof which substantially conserves the activity of the corresponding wild-type 
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sequence and which possesses greater than 80% sequence homology with the 
corresponding wild-type sequence. 

Human interferons may be formulated for administration according to the invention in 
the same manner as for use alone in the treatment of the condition in question, for 
example hepatitis. Thus the interferon is generally administered parenterally, for 
example by injection, preferably subcutaneous injection. Preferably the interferon is 
formulated as an aqueous preparation or as a lyophilised product intended for 
reconstitution with a suitable vehicle, for example water for injection. The 
formulation may also contain a suitable carrier diluent or stabiliser, for example 
another human protein such as human serum albumin. 

The human interferon will generally be administered in accordance with the treatment 
protocols already established for the product in question. For example human 
interferon-a whether lymphoblastoid or recombinant, may be administered at a dose of 
1 to 10 Mega Units of interferon per day. The dose may be administered on 3 or more 
days per week, preferably 3 times per week. A preferred dose range is 2 to 6 Mega 
Units of interferon per day on 3 or more days per week, preferably 3 times per week, 
and particular doses of interferon are 5 Mega Units or, most preferably, 3 Mega Units 
per day or 3 or more days per week, preferably 3 times per week. In the treatment of 
hepatitis, the duration of administration of the interferon is usually a period of several 
weeks, for example 12 to 30 weeks, in particular about 24 weeks, although longer 
periods of treatment of up to a year or more may be appropriate in some cases. 

As used herein, the term "free radical scavenger or precursor or inducer thereof means 
any material which is capable, on administration to a host, of reducing the level of free 
radicals (also referred to as oxidative stress) within the host. The material may bring 
about this reduction in the level of free radicals by direct scavenging of free radicals or 
by inducing, whether as a direct biological precursor or otherwise, the production 
within the host of a material having a scavenging effect on free radicals. Alternatively, 
the material may reduce the level of free radicals by exerting an inhibiting effect in the 
processes which lead to the generation of free radicals. 

Preferred free radical scavengers or precursors or inducers thereof include glutathione 
and precursors thereof such as derivatives of the naturally occurring amino acid 
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cysteine. One particularly preferred precursor of glutathione is N-acetyl cysteine. As 
indicated above, N-acetyl cysteine already has an established pharmaceutical use as a 
mucolytic and pharmaceutical preparations of the compound are available 
commercially. Other free radical scavengers or precursors or inducers thereof include 
vitamin A, vitamin C (ascorbic acid), vitamin E, uric acid, buthionine sulphoxime, 
diethyl maleate metronidazole, superoxide dismutase and methionine. Materials 
which inhibit the generation of free radicals include inhibitors of xanthine oxidase 
such as allopurinol. 

The free radical scavenger or precursor or inducer thereof should be administered in a 
form and dose such that it is capable of reducing free radical generation and/or 
relieving the effects of free radical generation (oxidative stress) in the host. 
Administration may be by any convenient route, for example oral or parenteral, 
depending on the nature of the material. Oral administration is preferred where 
possible. 



N-acetyl cysteine is preferably formulated for oral administration in the form of tablets 
or granules or as a liquid preparation, for example a syrup. An appropriate dose of N- 
acetyl cysteine is in the range 200mg to 4g per dose administered up to 4 times per 
day, for example 400 to 800mg administered 4 times per day, preferably 600mg 
administered 4 times per day. 

Although the therapy provided according to the invention, for example for viral 
hepatitis, consists of the combined administration of a human interferon and a free 
radical scavenger or precursor or inducer thereof, the two medicaments will generally 
be administered as separate preparations. However, in some circumstances, there may 
be an advantage in administering the two components as a combined preparation and 
the invention extends to such combined preparations. 

Thus according to a further aspect the invention provides a pharmaceutical 
composition comprising a human interferon together with a free radical scavenger or a 
precursor or inducer thereof. 

In general any such combined preparation will be in a form intended for parenteral 
administration, for example injection. Such a combined preparation may be presented 
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in liquid form or in a solid form, with the human interferon lyophilised, and suitable 
for reconstitution into a liquid form. 

It may also be appropriate to present the two medicaments together in a suitable form 
for separate administration. According to another aspect the invention provides a twin 
pack comprising in association for separate administration a human interferon and a 
free radicle scavenger or a precursor or inducer thereof. 

The present invention is particularly applicable to the therapy of hepatitis B or 
hepatitis C. As indicated above, administration of human interferon, particularly 
recombinant or lymphoblastoid interferon-cc is already an established therapy for 
hepatitis B. In addition, a number of trials have indicated that the same therapy is also 
of considerable benefit in the treatment of hepatitis C. According to the present 
invention, therapy of patients suffering from hepatitis, in particular hepatitis B or 
hepatitis C, with interferon will be carried out essentially in accordance with the 
established protocols with the addition of treatment with a free radical scavenger or a 
precursor or inducer thereof for all or part of the duration of therapy with the human 
interferon. 

Serum alanine aminotransferase (ALT) levels are a highly sensitive marker for liver 
dysfunction. Hepatitis B and hepatitis C infections are both characterised by raised 
ALT levels and the progress of the disease is generally monitored by determination of 
serum ALT. As indicated above, only about 50% or less of patients with hepatitis B or 
hepatitis C respond to treatment with human interferon-cc in as demonstrated by a 
significant clearing of viral markers or lowering of ALT levels. 

According to one embodiment of the invention, which is particularly applicable to the 
treatment of hepatitis B or hepatitis C, most particularly hepatitis C, treatment with 
human interferon, particularly human interferon-a, is undertaken in the usual manner 
for a period of several weeks, for example 12 to 30 weeks, in particular about 24 
weeks. For patients who fail to respond to this initial course of treatment with human 
interferon as demonstrated by significantly reduced serum ALT levels, treatment is 
continued with the human interferon and with the additional treatment with the free 
radical scavenger or a precursor or inducer thereof, preferably glutathione or a 
precursor or inducer thereof, most preferably N-acetyl cysteine. Treatment with the 
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human interferon and the free radical scavenger or precursor or inducer thereof may be 
continued for a further period of several weeks, for example 12 to 30 weeks, in 
particular about 24 weeks. In accordance with a preferred embodiment of the 
invention, this treatment protocol is applied to the treatment of hepatitis C with human 
lymphoblastoid interferon (human interferon a-Nl). 

As also indicated above, certain patients with hepatitis B or hepatitis C may respond 
initially to treatment with human interferon, particularly human interferon-a, but may 
subsequently relapse. Such patients may also benefit from a combined course of 
treatment with the human interferon and the free radical scavenger or a precursor or 
inducer thereof as outlined above. 

It should be understood that doses of the human interferon and the free radical 
scavenger or a precursor or inducer thereof will vary depending on the patient and the 
precise condition from which the patient is suffering. Ultimately, the treatment will be 
under the control of and will be the responsibility of the attendant physician. 

The invention is further illustrated by the following pilot study which should not be 
regarded as in any way limiting on the scope of the invention. 

EXAMPLE 

1. Introduction 

Hepatitis C virus (HCV) is responsible for most cases of postransfusional and 
sporadic non-A, non-B hepatitis. Chronification of the infection is very 
common, leading to chronic hepatitis, cirrhosis and, ultimately, malignant 
degeneration. Several controlled studies have shown that ct-interferon (IFN) is 
useful in the treatment of chronic hepatitis C (CHC), but the response rate 
averages 50% and the frequency of relapse, after IFN cessation, may reach 30- 
40%. Accordingly, the proportion of patients with CHC sustaining normal 
transaminase levels after IFN withdrawal is only around 20-40% of all treated 
cases. 
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Reduced glutathione (GSH) is an important antioxidant in mammalian cells, 
being implicated in a great variety of cellular functions and it has been 
suggested that depletion of GSH may play a pathogenic role in some chronic 
viral diseases, such as AIDS. In this study GSH levels were measured in plasma 
and in peripheral blood mononuclear cells (PBMC) from patients with CHC 
who failed to respond to IFN therapy after at least 4 months of treatment. The 
effect of N-acetyl cysteine, a precursor of the thiol, was also evaluated on GSH 
levels and on the clinical and virological response to IFN therapy. 

2. Patients and Methods 

2.1 Patients 

Fourteen patients (13 males and 1 female, mean age 51 years, range 27-71) 
diagnosed as suffering from CHC by histological and serological criteria, two of 
them with associated cirrhosis, were entered into the study. All of the patients 
had been under treatment with a-lymphoblastoid interferon (Wellferon) for a 
minimum period of 4 months (15 ± 1.6 MU per week, range 9-21 MU per 
week); all patients showed abnormal ALT values (above 30 IU/L) when entered 
into the study. Most patients with CHC responding to IFN, normalise 
transaminase levels within the first 3 months of therapy and those who persist 
with high ALT values after 4 months of treatment can be considered to be non- 
responders. Accordingly, all patients in the present study were considered to be 
non-responders to IFN. Patients in the present study continued essentially the 
same IFN regimen as they had followed previously but added oral N-acetyl 
cysteine .(NAC), 600 mg every 8 hours daily. No patient increased the 
interferon dosage after the addition of oral NAC, although in 3 cases the amount 
of interferon was slightly reduced (15 ± 1.8 MU/week before NAC versus 1 1.5 
± 1.3 MU/week after NAC). 

In addition 10 patients (8 males and 2 females, mean age 32 years, range'24-63) 
recently diagnosed as suffering from having chronic hepatitis C, who had never 
received antiviral treatment took the same amount of oral NAC, but without 
interferon, over a period of one month. 
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Twenty-six healthy subjects (14 males and 12 females, mean age 43 years, 
ranging from 25 to 79) served as control group. All patients gave written 
informed consent and the study was approved by the Local Ethics Committee. 

. . 2.2 GSH determination in PBMC and plasma 

Blood samples for simultaneous determinations of GSH in PBMC (L-GSH) and 
in poor-platelet plasma (P-GSH) were obtained from each patient. PBMC were 
isolated by centrifiigation on Lymphoprep (Nycomed Pharma AS, Oslo, 
Norway) and washed five times. Isolated cells were killed with 20% perchloric 
acid (2% final concentration), and after centrifiigation (1200g x 1 0 minutes at 4° 
C), and supernatants stored at -40°C, until use. Twenty percent perchloric acid 
was added to the poor platelet plasmas (2% final concentration), and after 
centrifiigation, the supernatants were kept at -40°C until GSH determination. 

Stored samples were thawed and GSH determined following the enzymatic 
method described by Brigellus et al., Biochem. Pharmacol., 32, 2529-2534 
(1983) as modified by Ferrer et al., Biochem. J., 264, 531-534 (1990). GSH, in 
die presence of • GSH-S-transferase, is conjugated with 1 -chloro-2,4- 
dinitrobenzene (CDNB)(S1GMA), and the absorbance of the complex measured 
at 340 nm using a Perkin-Elmer Lambda 2 spectrophotometer. Absolute values 
of GSH were obtained using a molar extinction coefficient of 9.6 x 10"*. 

2.3 Extraction of RNA and RT-PCR 

Reverse transcription polymerase chain reaction (RT-PCR) for HCV-RNA in 
serum and for either the positive or negative strands of HCV-RNA in PBMC 
was performed essentially as described by Ruiz et al., Hepatology, 1£, 637-643 
(1992) and Cheng etal, J. Hepatol., in press (1992). The procedures 
recommended by Kwoks and Higuchi, Nature, 122, 237-238 (1989), to reduce 
the risk of contaminations were strictly applied. All extractions and reactions 
were simultaneously carried out in positive and negative controls. An aliquot 
from the last washing of PBMC was also included, and PCR was . always 
negative in these samples. 
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2.4 Statistical .Analysis 

All data are presented as means ± standard error of mean (SEM). Comparisons 
for paired and impaired data were carried out using the Mann Whitney and 
Wilcoxon tests. 

3. Figures 

The results are described with reference to the accompanying drawings in which: 

Figure 1 shows the effect of EFN (-4 to 0 months) and IFN plus NAC (0 to 6 
months) on ALT levels for the 14 patients entered into the study; 

Figure 2 shows the detection in PBMCs of positive and negative strands of 
HCV-RNA during treatment with IFN and with IFN plus NAC; 

Figure 3 shows the detection of HCV-RNA in serum at a serum dilution of 1:10 
both before and after addition of NAC to the treatment with IFN. 

Figure 4 shows the mean ALT levels for the same patient population depicted in 
Figure 1 when followed up to eleven months after introduction of NAC to the 
EFN therapy. 

4. Results 

Mean serum ALT levels for the 14 patients entered into the study are shown in 
the following table which also shows L-GSH and P-GSH. 
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TABLF. 



Month 


Mean ALT 


L-GSH 


P-GSH 




(IU/L) 


(nMol/10 cells) 


(lm) 


-4 


139± 24 






0 


124 ±24 


1.45 ±0.27 


0.77 + 0.21 


+1-2 


87±9 






+3-4 


53±7 


3.32 ±0.18 


2.40 ± 0.20 


+5-6 


37±3 







Values for L-GSH and P-GSH for the control group were as follows: 



L-GSH 3.43 ±0.89 nMol/10 cells 
P-GSH 18.1 ±4.08 nM. 

In patients with chronic hepatitis C who had never received antiviral treatment (n = 
10), GSH levels in plasma (0.63 ± 0.07 1M) and in PBMC (1.02 ± 0.09 nMol/10 6 
cells) appeared severely depressed in comparison with healthy controls (18.1 ± 4.08 
1M and 3.43 ± 0.89 nMol/10 cells respectively, P < 0.01). The administration of 
NAC durjng 1 month significantly increased the levels of GSH in PBMC (2.22 ± 0.38 
nMol/10 cells, P < 0.05) but GSH in plasmas was not significantly modified (0.99 ± 
0.22 1M, n.s). In addition, the levels of serum ALT (128 ± 32 IU/L versus 1 10 ± 29 
IU/L after one month of therapy with NAC) were also not significantly modified. 

In patients not responding to interferon, GSH levels in PBMC (1.45 ± 0.27 nMol/10 6 
cells) and in plasma (0.77 ± 0.21 1M) also appeared significantly depressed in 
comparison with control values (p < 0.01). In these patients, the administration of 
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NAC together with interferon over a period of 3.4 months resulted in a significant 
elevation of GSH in mononuclear cells (3.32 ±0.18 nMol/10 cells, p < 0.05) and in 
plasma (2.40 ± 0.20 lm, p < 0.05). 

Figure 1 and the above Table show that in the patients entered into the study (non 
responders to interferon) ALT levels did not change significantly during 4 months of 
IFN therapy (139 ± 24 versus 124 ± 17 IU/L, n.s). However, the addition of oral NAC 
resulted in a prompt and significant decrease of ALT; even after only one month of the 
combined treatment ALT values had significantly decreased (87 ± 9 IU/L, p < 0.05). 
Moreover, continuous administration of IFN and NAC over a period of 5-6 months 
produced a further decline in ALT values in all cases (37 ± 4 IU/L), reaching normal 
values in 41% of cases and near normal values (maximum of 56 IU/L in one case) in 
the remainder. The addition of NAC to the IFN regimen clearly improves the response 
to IFN in the case of patients previously classified as non-responders to IFN therapy. 

The reduction in ALT levels by the combination of IFN and NAC was accompanied 
by a concomitant effect on the replication of the virus. In the case of 9 patients 
classified as non-responders to IFN, PBMC were tested for the presence of both the 
genomic strand of HCV (positive RNA strand) and the replicative intermediate of the 
virus (negative RNA strand), before and after addition of NAC to the therapy. As 
shown in Figure 2 when patients were being treated with IFN only, the genomic strand 
could be detected in 7 cases (77%), whilst the replicative intermediate was detected in 
3 patients (33%). However, after 4-6 months of combined therapy with IFN and NAC, 
the positive strand was detected in only 2 cases (22%) and the negative HCV-RNA 
strand could not be detected in any of the cases. 

Addition of NAC to the IFN regimen was also accompanied by decreased levels of 
HCV-RNA in serum. As shown in Figure 3, after NAC addition of NAC to the 
therapy an increased concentration of serum was needed, for HCV detection; thus, 
before NAC addition HCV-RNA could be detected in 100% of cases using a serum 
dilution of 1:10, whilst after addition of NAC to the therapy at the same serum 
dilution, the virus was detected in only 70% of patients. 
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CLAIMS: 

1. A potentiated combination comprising a human interferon and a free radical 
scavenger or a precursor or inducer thereof. 

2. A combination according to Claim 1, wherein the human interferon is human 
interferon-a. 

3. A combination according to Claim 2, wherein the human interferon-a is 
recombinant. 

4. A combination according to Claim 2, wherein the human interferon-a is natural. 

5. A combination according to Claim 4, wherein the natural human interferon-a is 
human lymphoblastoid interferon. 

6. A combination according to any of Claims 1 to 5, wherein the free radical 
scavenger or precursor or inducer thereof is glutathione or a precuisor or inducer 
thereof. 

7. A combination according to any of Claims 1 to 5, wherein the free radical 
scavenger or precursor or inducer thereof is N-acetyl cysteine. 

8. A combination according to any of Claims 1 to 7, for use in the treatment of a 
condition susceptible to therapy with an interferon. 

9. A combination according to Claim 8, wherein the condition is hepatitis B or 
hepatitis C infection. 

10. The use of a human interferon for the manufacture of a medicament for use in 
the treatment of a patient suffering from a condition susceptible to therapy with 
a human interferon by a method wherein a free radical scavenger or a precursor 
or inducer thereof is also administered during the treatment with the human 
interferon. 

11. The use of a free radical scavenger or a precursor or inducer thereof for the 
manufacture of a medicament for the treatment of a patient suffering from a 
condition susceptible to therapy with a human interferon by a method involving 
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treatment with a human interferon and the free radical scavenger or a precursor 
or inducer thereof interferon. 

12. Use according to either of Claims 10 to 11, wherein the human interferon is 
human interferon-a. 

13. Use according to Claim 12, wherein the human interferon-a is recombinant. 

14. Use according to Claim 12, wherein the human interferon-a is natural. 

15. Use according to Claim 14, wherein the natural human interferon-a is human 
lymphoblastoid interferon. 

16. Use according to any of Claims 10 to 15, wherein the free radical scavenger or 
precursor or inducer thereof is glutathione or a precursor or inducer thereof. 

17. Use according to any of Claims 10 to 15, wherein the free radical scavenger or 
precursor or inducer thereof is N-acetyl cysteine. 

18. Use according to any of Claims 10 and 17 wherein, the condition is hepatitis B 
or hepatitis C infection. 

19. The use of a human interferon for the manufacture of a medicament for use in 
the treatment of a patient suffering from a condition susceptible to therapy with 
a human interferon who has failed to respond to treatment with the human 
interferon, by a method wherein a free radical scavenger or a precursor or 
inducer thereof is also administered during the treatment with the human 
interferon. 

20. The use of a free radical scavenger or a precursor or inducer thereof for the 
manufacture of a medicament for the treatment of a patient suffering from a 
condition susceptible to therapy with a human interferon who has failed to 
respond to treatment with the human interferon, by a method involving 
treatment with a human interferon and the free radical scavenger or a precursor 
or inducer thereof. 

21. Use according to either of Claims 19 and 20, wherein the patient has previously 
responded to treatment with the human interferon. 
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22. Use according to anyone of Claims 19 to 21, wherein the human interferon is 
human interferon-a. 

23. Use according to Claim 22, wherein the human interferon-a is recombinant. 
24 Use according to Claim 22, wherein the human interferon-a is natural. 

25. Use according to Claim 24, wherein the natural human interferon-a is human 
lymphoblastoid interferon. 

26. Use according to any of Claims 19 to 25, wherein the free radical scavenger or 
precursor or inducer thereof is glutathione or a precursor or inducer thereof. 

27. Use according to any of Claims 19 to 25, wherein the free radical scavenger or 
precursor or inducer thereof is N-acetyl cysteine. 

28. Use according to any of Claims 19 to 27, wherein the condition is hepatitis B or 
hepatitis C infection. 

29. A pharmaceutical formulation, which comprises a combination as described in 
any of Claims 1 to 7 and a pharmaceutical^ acceptable carrier. 

30. A twin pack comprising in association the components required to be 
administered in order to generate a combination as described in any of Claims 1 
to 7. 

31. A method for the treatment of a patient suffering from a condition susceptible to 
therapy with a human interferon which comprises administering to the patient a 
therapeutically effective amounts of the human interferon and a free radical 
scavenger or a precursor or inducer thereof. 

32. A method according to Claims 31 wherein the human interferon is human 
interferon-a. 

33. A method according to Claim 32, wherein the human interferon-a is 
recombinant. 

34. A method according to Claim 32, wherein the human interferon-a is natural. 
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35. A method according to Claim 34, wherein the natural human interferon-a is 
human lymphoblastoid interferon. 

36. A method according to any of Claims 31 to 35, wherein the free radical 
scavenger or precursor or inducer thereof is glutathione or a precursor or inducer 
thereof. 

37. A method according to any of Claims 31 to 35, wherein the free radical 
scavenger or precursor or inducer thereof is N-acetyl cysteine. 

38. A method according to any of Claims 31 to 37, wherein the condition is 
hepatitis B or hepatitis C infection. 

39. A method for the treatment of a patient suffering from a condition susceptible to 
therapy with a human interferon who has failed to respond to treatment with the 
human interferon which comprises treatment of the patient with effective 
amounts of the human interferon and a free radical scavenger or precursor or 
inducer thereof 

40. A method according to Claim 39, wherein the patient has previously responded 
to treatment with the human interferon. 

41. A method according to either of Claims 39 and 40 wherein the condition is 
hepatitis B or hepatitis C infection. 
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